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A niobium titanite nitride-based superconducting nanodevice in which the Josephson critical current can be
modulated by a gate voltage - a Cooper-pair transistor - has proven a remarkably long parity lifetime exceeding
one minute at temperatures close to absolute zero.
The impressive developments reached so far in nanotech-
nology allow routinely the fabrication of nanosized tunnel
junctions, i.e., contacts containing an ultrathin dielectric layer
acting as a barrier for charge carriers. In such a case the
corresponding junction capacitance, C, can be as low as a
few tenths of fF or even below so that the charging energy
EC = e2/2C (e is the electron charge) associated with the ac-
cumulation of a single electron at the junction can be of the
order of several Kelvins. The transport properties of systems
based on nanoscale tunnel junctions can therefore be deeply
affected by charging effect at sub-Kelvin temperatures and,
when this occurs, the systems are are said to be dominated by
Coulomb blockade [1].
Within the wide variety of nanodevices governed by
Coulomb blockade a special position is occupied by the
Cooper-pair transistor (CPT) [2, 3], a fully superconducting
three-terminal device consisting of a mesoscopic island joined
to source and drain electrodes via ultrasmall and highly-
opaque tunnel junctions (Fig. 1a). CPTs constitute the basic
element in several applications ranging from metrology and
superconducting qubits to ultrasensitive electrometers. Due
to the smallness of the island, the energetic cost required to
add a single Cooper pair to it can largely exceed the opera-
tion temperature of the device (typically below 100 mK) so
that the transport properties of the transistor are dependent on
the polarization charge presented by a metallic gate electrode
capacitively-coupled to it. The CPT can therefore be con-
sidered as a gate-tunable Josephson junction sensitive to the
charge state of its superconducting island (Fig. 1b).
Although the supercurrent flowing through the device is ex-
pected to be 2e-periodic as a signature of Cooper-pair trans-
port, undesired tunneling of a single unpaired electron through
the junctions changes the island charge offset by e thereby
modifying its parity (Fig. 1c) [4–6]. Preserving parity is
crucial for a proper operation of the CPT as its change is at
the origin of undesired supercurrent switching. The parity
lifetime (τp) is therefore a fundamental figure of merit and
considerable efforts have been made so far to increase it [7]
in particular for improving quantum information processing
schemes. Writing on Nature Physics, van Woerkom, Geresdi
and Kouwenhoven [8] at Delft University of Technology in
the Netherlands report parity modulation for the first time of
a niobium titanite nitride (NbTiN) Cooper-pair transistor cou-
pled to aluminium (Al) leads showing an extraordinarily long
parity lifetime exceeding one minute at temperatures close to
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FIG. 1. The Cooper-pair transistor used by van Woerkom and
colleagues [8]. a, The device consists of a superconducting island
connected via high-resistance tunnel junctions to source and drain
superconducting electrodes. A metallic gate capacitively-coupled to
the island allows modulation of the Josephson supercurrent flowing
through the device. The source and drain leads are made of alu-
minium, the central island (which is 100 nm thick, 450 nm long
and 250 nm wide) is realized with NbTiN, a superconductor with
a critical temperature of ∼ 14 K, and the gate electrode is made
of a titanium/gold bilayer. The CPT tunnel junctions (with area
200× 250 nm2) are made of AlOx, and possess normal-state resis-
tance of ∼ 65 kΩ. b, The CPT behaves as a Josephson junction
whose critical current Ic can be modulated through gate polarization
charge, ng =CgVg/e, where Cg is the gate capacitance and Vg is the
applied voltage. c, Low temperature qualitative behavior of the CPT
critical current Ic versus ng. Green and red-dashed lines describe the
supercurrent in the even and odd parity state, respectively, the latter
corresponding to a single excess electron on the NbTiN island. Each
curve is 2e periodic in ng stemming from the Josephson coupling
existing in the device. τp indicates the parity lifetime: Parity may
switch on a timescale of τp owing to a single unpaired electron tun-
neling through the junctions. Ic,max denotes the maximum achievable
Josephson critical current.
absolute zero. Remarkably, their CPT can operate in the pres-
ence of sizable magnetic fields as large as 150 mT still pro-
viding a parity lifetime in excess of 10 ms.
The transistor made by van Woerkom and colleagues is
based on a small island made of NbTiN (a superconduc-
tor with a rather large critical temperature of ∼ 14 K) con-
nected through high-resistance tunnel junctions to source and
drain aluminum electrodes. As in every CPT there are two
key-ingredients necessary for its operation. The first is the
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2Josephson effect [9] which refers to tunneling of Cooper pairs
through weakly-coupled superconductors. Coulomb block-
ade, as described above, represents the second ingredient. The
interplay between the Josephson and Coulomb energy gives
rise to the 2e-periodic modulation of Ic in gate polarization
charge shown in Fig. 1c for the even (green curve) or odd
(red-dashed line) parity, which depends on the number of ex-
cess electrons present on the island.
This idealized picture is drastically modified in a real ex-
periment owing to stochastic tunneling of a single quasipar-
ticle (a lone electron originating from breaking of a Cooper
pair) through the CPT junctions. This leads to ‘poisoning’ of
the island, and reflects into a random changing of the charge
parity which yields nasty switchings of the supercurrent, and
affects transport periodicity. The presence of quasiparticles
influences detrimentally the behavior of several superconduct-
ing devices, for example, it limits the accuracy of metrologi-
cal sources or the sensitivity of radiation sensors. It is also at
the basis of decoherence impacting the operation of supercon-
ducting qubits. Preservation of charge parity is therefore a big
concern.
Among existing superconductors, aluminium has been tra-
ditionally the material of choice for CPTs mainly due to the
superior characteristics of its oxide for the realization of tun-
nel junctions. Recent measurements of τp yielded values up
to the millisecond range for aluminium-based devices. The
exploitation of superconductors with gap (and, accordingly,
critical temperature) larger than that of aluminium is believed
to be a promising route for improving the CPT performance as
this would imply a higher operation temperature, higher work-
ing speed, and a reduction of quasiparticle poisoning. Yet, a
further suppression of poisoning is expected to occur in CPTs
possessing the island gap larger than that forming the elec-
trodes, as a larger gap may act as a barrier for quasiparticles
tunneling into the island [7].
Despite significant efforts no 2e-periodicity has been re-
ported so far for non aluminium superconductors like, for in-
stance, in CPTs made of niobium. van Woerkom et al. [8]
have now succeded in realizing the first ever NbTiN-based
CPT which demonstrates a dramatic improvement in parity
control. To put their results into context, the measured one
minute parity lifetime roughly translates into a single-electron
event occurring in their device only once every∼ 1011 Cooper
pairs have tunneled through the CPT junctions which testifies
the smallness of probability of parity switches. In addition,
the demonstration of parity robustness even in the presence of
fairly large magnetic fields is a pivotal asset in light of induc-
ing topological superconductivity in spin-orbit-coupled semi-
conductor nanowires [10].
It is very likely that the results of van Woerkom and col-
laborators will have strong impact on the design of improved
quantum information processing schemes as well as on par-
ity control and for the readout of Majorana bound states, for
which NbTiN has become the favorite superconductor [10].
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